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Based on the drilling record to date and regional stratigraphic and structural considerations, the potential for finding hydrocarbons in commercial quantities is poor. The major untested prospective area is along the flanks of the Fairweather Ground structural high on the Yakutat shelf which is bordered on the northeast by a deep basin. This is a very large feature that has the potential for extensive combination structural and stratigraphic traps along its flanks. The Yakataga shelf has the thickest Tertiary section, the best anticlinal structures, and indications of petroleum in the adjacent onshore in the form of seeps and shows in wells.
Virtually all the accessible large structures have been unsuccessfully tested by at least one deep exploratory well. Although petroleum may yet be found on the Yakataga shelf, the potential for very large commercial discoveries is not good. The petroleum potential of the Middleton and Seward shelves is considered to be very poor because structure is complex, the Neogene section is commonly greatly attenuated, and the section penetrated in the Middleton Island well shows little promise for suitable souree or reservoir beds.
Environmental hazards in the area include extremely high seismicity and the associated risks of sea floor displacement due to faulting or regional tectonic warping that could generate seismic sea waves. In addition, large areas of the sea floor, particularly near the continental shelf edge, are unstable and subject to gravitational slumping. Additional potential hazards locally are the presence of gas-charged near-surface sediments, thick deposits of unconsolidated sediment with low bearing strength, and large-scale erosion and deposition of sediment due to strong bottom currents.
INTRODUCTION
This report outlines the status of knowledge concerning petroleum potential and possible earthquake-related hazards in the Gulf of Alaska 'Tertiary Province (GATP). It amplifies on an Open-File Report (Plafker and others, 1975 ) that was prepared prior to selection of tracts to be leased for petroleum exploration on the Outer Continental Shelf (OCS) which occurred in April 1976 (OCS Sale #39). The present report summarizes the earlier work and emphasizes new data that have become available since the pre-nomination report was prepared in December 1975.
The sections of this report on stratigraphy, structure, and petroleum potential were prepared by Plafker and Bruns except for the section on quantitative estimates of petroleum resources which is by Scott. The sections on geologic hazards dealing with seismic history, faulting and warping, tsunamis, and earthquake recurrence and seismic gaps are largely 
Available Data
Data acquired since the previous pre-nomination report on the GATP OCS was written (Plafker and others, 1975) Island. West of Kayak Island the slope makes up the inner wall of the eastern Aleutian Trench, which has floor depths in excess of 14,800 ft (4,500 m) (von Huene and Shor, 1969) . The portion of the slope adjacent to the trench is wider, and is considerably more irregular in topography than the segment of slope to the east of the end of the Aleutian Trench.
In general, the topography of the shelf is gently undulating except where it is broken by six major submarine valleys and a number of smaller ones. Topographically low and high areas on the shelf tend to reflect Quaternary structural features. The most prominent named shoal areas are
Fairweather Ground, Middleton Platform, and Tarr Bank.
As defined herein, the GATP includes all Tertiary rocks along the mainland'coast in the eastern Gulf of Alaska and their presumed offshore extensions, extending 620 mi (1,000 km) from Cross Sound on the east to the Amatuli Trough on the west ( fig. 1 ). Following previously established usage (Miller and others, 1959; Plafker, 1971) figure 4 . Data on the stratigraphy and onshore structure relevant to petroleum potential have been summarized by Plafker (1971) and Plafker and others (1975) and will not be repeated here.
The Tertiary rocks are bordered on the north, and are underlain in the eastern part of the basin, by bedded rocks of Cretaceous and older age ( fig. 2 ). These rocks are highly deformed, locally metamorphosed, and are commonly intruded by igneous plutons. The pre-Tertiary rocks are considered to have no potential for petroleum.
Geologic History
The southern margin of Alaska began to assume its present form in about mid-Cretaceous time by assembly of several northward-moving micro- and available drilling information is summarized in table 1.
Source Rocks
Data on potential source rocks and surface indications of petroleum were detailed by Plafker (1971) and Plafker and others (1975) . The offshore distribution of the organic-rich facies is unknown.
It does not occur in the Middleton Island well. Samples of middle Tertiary age that were dredged from the continental slope adjacent to the Yakutat shelf have relatively high organic carbon contents but are not sufficiently mature to have produced liquid hydrocarbons (Plafker and others, 1978a) .
However, the rocks may be buried deeply enough to have generated petroleum in the large structural low that underlies most of the Yakutat shelf north of the Fairweather Ground. Offshore seepages of oil and gas have not been reported despite heavy commercial fishing over much of the continental shelf and despite the known occurrence of numerous geologically young faults in the subbottom sequence along which petroleum could leak to the sea floor if it were present.
Reservoirs
Sandstones in the GATP Tertiary sequence are the only likely potential reservoir rocks with primary porosity and permeability. The reservoir characteristics of the Tertiary sandstones from the outcrop and wells have been presented by Winkler and others (1976) and by Plafker and others (1975) ; data on dredge haul samples are given by Plafker and others (1978a) .
Outcrop and dredge haul samples from the continental slope are compositionally and texturally immature. Even the best-sorted sandstones appear to have poor reservoir characteristics because they are greatly compacted and tightly cemented with authigenic silica, zeolites, and carbonates.
Better sorted and less indurated sandstone is present locally in the middle and upper Tertiary sequences, but most of the outcrop samples also have fairly low porosity and permeability, mainly because of a finegrained matrix of rock flour and primary and authigenic phyllosilicates. Plafker (1975, 1976) and Bayer and others (1977) . The estimates given in the report were derived by a series of geological and volumetric-yield analog procedures followed by the application of subjective probability techniques to get:
1 -A low resource estimate with a 95 percent probability that there is at least that amount.
2 -A high resource estimate with a 5 percent probability that there is at least that amount.
3 -A modal estimate of highest probability of occurrence.
These values are computerized and processed as probability distributions by lognormal curves ( fig. 9 ).
There is a real possibility that there may not be a commercial occurrence of oil or gas in a frontier area such as the Gulf of Alaska;
consequently, a marginal probability is assigned. In this case, the probability of no commercial oil or gas is estimated to be 30 percent;
thus estimates of the quantities of resource to be found at the 95 percent probability level are "0".
The estimates of the amounts of undiscovered recoverable oil and gas that may be present in the continental shelf of the northern Gulf of accompanied by a complex pattern of tectonic warping and tilting over an 2 2 area of about 580 mi (1,500 km ) centered on Yakutat Bay (Tarr and Martin, 1912; Thatcher and Plafker, 1977) . The 1958 Lituya earthquake was accompanied by right-lateral slip of up to 21 ft (7 m) on the Fairweather fault (Tocher, 1960) . Marine data indicate that the active fault rupture extends offshore to the southeast of Palma Bay (fig. 11) . The most recent and largest earthquake to affect the region, the 1964 Alaska event, is believed to have been generated by dip-slip displacement of 66 ft (20 m) or more on a segment of the Aleutian Arc megathrust system at least 500 mi (800 km) long (Plafker, 1969) . Significant tectonic deformation affected 2 2 a minimum area of 77,000 mi (200,000 km ) and two subsidiary reverse faults with up to 26 ft (7.9 m) dip slip broke the surface on Montague Island. Marine data (Plafker, 1967; indicate they extended offshore onto the continental shelf to the southwest (figs. 10 and 13).
Many subbottom faults have been identified on high-resolution seismic profiles (figs. 11-13). Few of the faults mapped on the continental shelf of the GATP appear unequivocally to offset Holocene sediments. Conceivably, lack of topographic offset of the Holocene sediment may be due to either the extremely unconsolidated nature of surface sediment resulting in self-annealing of sea-floor ruptures, or the rapid rate of sediment accumulation which can be as much as 0.2-0.6 in/yr (5-15 mm/yr) (Carlson and others, 1977) . However, faults with Holocene vertical displacement should show up in the subbottom high-resolution profiles. In view of the onshore record of active deformation and the distribution of shallow focus earthquake epicenters on the continental shelf, the likelihood of future displacement of the sea floor is a distinct probability.
Tsunamis
Most major earthquakes that involve vertical tectonic displacements of the seabed are followed by tsunamis (seismic sea waves or "tidal" waves). The earthquake of March 27, 1964, generated one of the larger seismic sea-wave trains of modern times (Plafker, 1969) . Future earthquakes involving tectonic deformation of the continental shelf in the eastern Gulf of Alaska may be expected to be accompanied by tsunami waves.
Their damage potential will depend to a large degree upon the amount and rate of deformation, the stage of tide, and the effect of bottom configuration on amplification and focusing of the waves. A tsunami comparable to the one that accompanied the 1964 earthquake is probably a reasonable maximum that should be anticipated.
There is no historic record of inundation of the eastern Gulf of Alaska coast by tsunami waves from distant earthquakes.
Earthquake Recurrence and Seismic Gaps
Studies of displaced shorelines (Plafker, 1972) and historic seismicity (Sykes, 1971) independently identify portions of the GATP shelf and slope extending from the vicinity of Icy Bay westward to the Middleton Island area as a region where one or more major earthquakes are highly probable.
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Data on which this conclusion is based have been summarized by Plafker and others (1975) and by Page (1974) .
Submarine Slumps and Slides
Large submarine sediment slides and slumps occur on the continental shelf and upper slope in the GATP. These submarine slope failures are characterized by being larger and occurring on much flatter slopes than subaerial slides (Hampton and others, 1978) . Areas of submarine mass movement are indicated on figures 11, 12, and 13. Some of them extend 2 for more than 56 mi (90 km) along strike with areas of up to 417 mi 2 (1,080 km ) and may show offsets on headwall scarps of 16-66 ft (5-20 m).
In addition, indications of slumping are apparent on many of the seismic lines that crossed the shelf-slope break. Although the track line spacing is not dense enough to permit delineation of discrete slump or slide masses, spot locations of profiles showing slumps are recorded on the figures. These features have been discussed in considerable detail by Carlson and Molnia (1977) , Carlson and others (1977) , Hampton and others (1978) , Molnia and others (1977) , and Molnia (1976) .
In addition to areas in the OCS where slump or slide structures are observed on the seismic profiles, areas have been mapped that appear to be potential slide or slump zones (figs. 11-13). Delineation of these potentially hazardous areas was made on the basis of thickness of Holocene sediment and relative slope steepness. Slump or slide features were not prominent on the profiles; however, because the sediment is in excess of 82 ft thick (>25 m) and slopes are more than 1.8° there is a possibility of ground failure in these areas if a large earthquake generates longcontinued high ground accelerations or if large tsunamis or storm waves disrupt the sea floor.
Gas in Sediments
Some nearshore areas may have gas present in the near surface that could result in low bearing strength and unstable sediments due to excessive pore pressures. In addition, gas-rich sediments could present a hazard if penetrated by drilling.
Discontinuous near-surface reflectors along the east side of Kayak Island that have been identified as indicative of gas-charged sediment by Carlson and Molnia (1977) contain high concentrations of methane (Kvenvolden and others, 1977) . Similar reflectors east of Dry Bay and Other Hazards Other types of geologic hazards which need to be considered in the GATP OCS for siting of structures include: 1) rapid marine sedimentation, such as at Icy Bay (Molnia, 1977a) ; 2) the occurrence of submarine glacial moraines and buried ice such as at the mouths of Yakutat Bay and Icy Bay, offshore of Bering and Malaspina Glaciers and Cross Sound, and at Lituya Bay (Molnia, 1976) ; 3) local high rates of beach erosion and deposition (Molnia, 1977a (Molnia, , 1977b ; and 4) onshore glacier lake breakout (Post and Mayo, 1971) , and landslide-generated waves in bays (Tarr and Martin, 1912; Miller, 1960) .
TECHNOLOGY FOR EXPLORATION
The developing technology for offshore oil and gas exploration and development has permitted a progression from activity in shallow water and in moderate climates to work in deeper water and more hostile environments. The industry has greatly increased its offshore operating capabilities in recent years. In 1977, an exploratory well was drilled off 
